We present an overview of K2 short cadence observations for 34 M dwarfs observed in Campaigns 1 -9 which have spectral types between M0 -L1. All of the stars in our sample showed ares with the most energetic reaching 3×10 34 ergs. As previous studies have found, we nd rapidly rotating stars tend to show more ares, with evidence for a decline in activity in stars with rotation periods longer than approximately 10 days. We determined the rotational phase of each are and performed a simple statistical test on our sample to determine whether the phase distribution of the ares is random or if there is a preference for phase. We nd, with the exception of one star which is in a known binary system, that none show a preference for the rotational phase of the ares. This is unexpected and all stars in our sample show ares at all rotational phases, suggesting these ares are not all originating from one dominant starspot on the surface of the stars. We outline three scenarios which could explain the lack of a correlation between the number of ares and the stellar rotation phase. In addition we also highlight preliminary observations of DP Cnc, observed in campaigns 16 and 18, and is one of the stars in our extended sample from K2 Campaigns 10 -18 which are still to be examined.
Introduction
Solar ares have been studied for over 150 years with the rst observation made by Richard Carrington in 1859. In addition, the correlation between sunspots and aring activity has been studied for decades and it is recognised these two are very closely related. If we apply the same knowledge to the case of stellar ares then we would expect to see these events from active regions which host spots. Despite the comprehensive study of stellar ares over the years, one area which has not been studied in great detail is the rotational phase distribution of ares in M dwarfs.
M dwarfs are cool, small, main sequence stars with temperatures and radii between 2400 -3800 K and 0.20M -0.63M , respectively (Gershberg, 2005) . After a spectral type of M4 it is thought these stars become fully convective . With this in mind they would not posses a tachocline and would therefore, generate their magnetic eld using a di erent mechanism when compared to our Sun. However, despite this, we do see strong aring activity from these stars, presenting a gap in the understanding of the origin of the aring activity.
The lightcurves of M dwarfs show substantial variations in brightness which can be explained by the presence of a large, dominant spot on the surface. This starspot moves in and out of view as the star rotates and presents one way of determining a stars rotation period. So far, this method has provided accurate rotation period measurements for thousands of low mass stars observed using Kepler/K2. Stellar ares are a phenomena which have been studied for a century with Bopp & Mo ett (1973) and Gershberg & Shakhovskaya (1983) making some of the rst detailed optical observations. Over the years the physics of stellar ares has been studied by many using observations from γ-rays to radio frequencies.
So far, a small sample of M dwarfs have been used to study the correlations between stellar rotation phase and the number of ares but nothing of signi cance has been found. These include work by Ramsay et al. (2013) , Hawley et al. (2014) , Ramsay & Doyle (2015) and Lurie et al. (2015) , who inspect the phase distribution of ares in a handful of M dwarfs using Kepler/K2 data. Each of these stars shows signi cant rotational modulation along with ares present at all rotational phases. However, there was no evidence for any correlation between rotational phase and number of ares.
Launched in 2009, Kepler has revolutionised the eld of stellar astrophysics over the 10 years it has been active. During its lifetime it has produced continuous photometric lightcurves for several 100,000 stars changing the way in which we study the activity on stars. However, with the loss of two of its reaction wheels, Kepler was re-purposed in June 2014 as K2 giving new life to the mission and observing elds along the ecliptic for ∼ 70 -80 days. We use K2 short cadence data (SC) of 1 minute exposure to study the are properties of a sample of M dwarfs in greater detail and aim to address questions regarding the rotational distribution of the ares.
Our KM dwarf Sample
To create our nal sample we cross-referenced all known M dwarfs sources observed in SC with the SIMBAD catalog. This allowed us to remove any BY Dra stars and any which showed characteristics of a giant (e.g. radii >1R ). Stars which were too faint to show clear detection in the K2 thumb print image were also removed. Our sample consists of 33 M dwarf stars and 1 L dwarf observed in short cadence (SC) with K2 from Campaigns 1-9 (observations made between May 2014 and July 2016). Each target has been observed for ∼ 70 -80 days producing continuous lightcurves. For this study short cadence data is of particular importance as it pro- Table 1 : For the stars in our survey which show aring activity we indicate their observed rotation period; distance; luminosity and the number of ares together with their duration, amplitude and energy. Gaia Data release 2 parallaxes (Gaia Collaboration et al., 2018) were inverted to calculate the distances of our sample. The errors on the quiescent luminosity represent the combined error from the distance and PanStarrs magnitudes. Three of the stars in our sample did not posses Gaia parallaxes and these distance were taken from the EPIC Catalogue (Huber et al., 2016) and are marked with an asterisk. This table has been adapted from Doyle et al. (2018 Notes. For a handful of sources the apparent modulation period is longer than the observation length meaning only an lower limit to the rotation period could be determined. For stars with no evidence for a modulation no rotation period could be determined.
vides a complete overview of the aring activity on these stars. The full stellar properties of our sample can be found in Doyle et al. (2018) . Due to the positioning of K2 there is a signi cant level of data preparation needed in the raw K2 lightcurves. For our sample we used the corrected K2 data using the EPIC Variability Extraction and removal for Exoplanet Science Targets (EVEREST) pipeline (Luger et al., 2016) for all but one star in our sample. The SC data of GJ 1224 observed in Campaign 9 was obtained from Andrew Vanderberg. Full details of the data preparation and pipeline ca be found in Doyle et al. (2018) .
Determining the Rotation Period
To determine the rotation period of each star in our sample we initially use a Lomb-Scargle (LS) periodogram, de ning phase zero, φ = 0.0, as the ux minimum of the rotational phase rst determined by eye. Stars with rotation modulation longer than 10 days had rotation periods derived using the LS periodogram where phase zero was obtained by folding the lightcurve. Similarly, for stars with rotation modulation less than 10 days we are able to re ne the rotation period, P rot , and phase zero, t 0 , by phasing and folding sections of the lightcurve taken from the start, middle and end. The iterative procedure allows P rot and t 0 to be determined more accurately as these values produce mean folded lightcurves which are used during the remainder of the analysis. Uncertainties are also obtained on each of the rotation periods through the Full Width at Half Max (FWHM) of the corresponding peak on the power spectrum. Table 1 shows the rotation periods determined from our sample which range from 0.21 days to greater than 80 days (Doyle et al., 2018) . It is important to note six stars in our sample possessed incomplete rotational modulation in their lightcurve and so, it is only possible to say they have rotation periods which are greater than the observation length of 70 days.
Identifying Flares
In order to identify ares within the lightcurve we use a suite of IDL programs, Flares By Eye (FBEYE), created by J.R.A. Davenport . FBEYE scans the lightcurve and ags up any points which are over the 2.5σ threshold and when there are two or more consecutive points these are identi ed as potential ares. From this, FBEYE, outputs a list of ares which can be read through an interactive GUI to manually classify and remove anything which does not conform to a are pro le (i.e. sharp rise and exponential decay). The nal result is a complete list of ares and properties including the peak time, start time, end time, ux peak and equivalent duration (Doyle et al., 2018) . We now show the number of ares and the range in duration and amplitude, along with the rotation period for each star in Table  1 . Three of our sources did not display any aring activity and were omitted from Table 1 and any further analysis, reducing our sample size to 31.
It expected to nd increased aring activity on stars with shorter rotation periods. We nd in our sample (Figure 1 ) there is a decline in the number of ares after a rotation period of 10 days, which is consistent with previous work by Stelzer et al. (2016) . However, in order to make complete conclusions about this sample we would have to consider the ages of the M dwarfs, as despite the activity depending on rotation, the rotation in turn depends on age. 
The Flare Energies
Next we want to calculate the energies of the ares to use in further analysis. To do this the quiescent luminosity of each star, L * must be calculated in the Kepler bandpass. Using PanStarrs magnitudes g, r, i and z (see Doyle et al. (2018) ) template spectral energy distributions were constructed for each star. By tting a polynomial to the PanStarrs data and convolving with the Kepler response function, similar to Kowalski et al. (2013) , the ux in the Kepler bandpass can be obtained. The quiescent luminosity is then the ux multiplied by 4πd 2 , where distances (d) to the stars were obtained through Gaia parallaxes. Full details of this process can be found in Doyle et al. (2018) and the distances and luminosities are displayed in Table 1 .
Finally, the energy of the ares (see Table 1 ) is expressed as the multiplication of the luminosity of the star, L * , in erg/s and the equivalent duration, t, in seconds. The equivalent duration is de ned as the area under the are lightcurve in units of seconds (Gershberg, 1972) and was obtained through the FBEYE suite of programs through a Trapezoidal summation. Figure 2 displays the cumulative frequency distribution of a handful of stars ranging in spectral type and rotation period. Overall, this is telling us the are rate does not strictly depend on spectral type and rotation does play a role. However, there does seem to be an increase in aring activity in M4-M8.5 stars but this could be a result of the fully convective regime. A attening trend is noticed in Figure 2 at various energies depending on the star. This has been mentioned in previous work suggesting higher and lower energy ares follow a di erent power law slope. Therefore, in SC data it is in fact due to a detection limit but is in fact a real feature.
The Rotational Phase
Stars with large, dominant starspots display periodic changes in their brightness as the rotate, see Figure 3 . If we assume the same physical processes occur in stellar ares as solar ares, then you would expect the ares to originate from active regions which commonly host spots. Therefore, there should be clear correlations with the rotational phase when the spot is most visible and the number of ares.
To investigate the behaviour of the ares in relation to the Figure 3 : This is a section of the K2 lightcurve for GJ 3954 (EPIC 205467732) from Campaign 2 covering ∼ 7 days, which has a rotation period, P rot , of 1.321 days. The black points represent the K2 data points and the red line is the Savitzky-Golay ltered, smoothed data. here we can see there are large ares which are present during the maximum peak of rotation when the starspot is least visible. In addition there are smaller ares present throughout the lightcurve at all rotational phases. rotational phase we only select stars with rotation periods shorter than the observation length. As a result of this, eight of our sources are omitted from further analysis. We phase fold and bin the lightcurves of our remaining sample using rotation periods and phase zeros determined previously. This produces plots similar to those shown in Figure 4 for each star. It is noticed that ares are present at all rotational phases for all stars. Additionally, higher energy ares are present at rotation maximum when the starspot is least visible (i.e. behind the disk). The majority of our sample show clear sinusoidal modulation caused by the presence of one dominant, large starspot. To test whether the phase distribution of the ares is random we used a simple χ 2 statistical test. The ares were split into low and high energy with the cut-o determined as the median energy of ares for each star. Similarly, the rotational phase was split into 10 bins and χ 2 computed for low, high and all energy categories. Table 2 shows the results for this test (Doyle et al., 2018) . Out of the are categories none of the stars show a preference for any rotational phase at a 2σ con dence level. This is surprising as it indicates many of the ares do not originate from the large, dominant spot.
Conclusions
Through the analysis of K2 short cadence data of 34 M dwarfs we have found a surprising but interesting result. We nd no correlation between the rotational phase and number Table 2 : We show the χ 2 value for whether each rotation phase bin (split into ten) had ares which were randomly distributed by phase. We split the ares into low and high energy where the cut o is determined by the median energy of all the ares for each star. None of the stars in our sample show a preference for ares at a certain rotational phase. Taken from Doyle et al. (2018 1. The ares could be a result of magnetic interaction between a second star in a binary system. Interactions between the M dwarf and its companion could increase magnetic activity producing ares in locations not hosted by the dominant spot.
2. Similarly, there is the potential for magnetic interactions between the M dwarfs and orbiting planets. Depending on the number of planets and their properties, the star-planet system could cause increased magnetic activity.
3. Lastly, there is the possibility of polar spots present on the M dwarf. This would depend on the inclination (vsini) of the star. However, if the stars axis was inclined towards the observer, the polar spot can be seen at all phases, interacting with active and quiet regions as the star rotates. This would produce aring activity at all phases as observed in the data. For a more comprehensive explanation on these three scenarios and for full details on all work in this paper refer to Doyle et al. (2018) . To test these three scenarios further we would need to investigate the inclination and potential starplanet or binary stars in greater detail. Furthermore, there are the remaining Kepler/K2 Campaigns plus TESS which will allow for a larger sample size and more complete evaluation across the M dwarf spectral range.
Future Work
Our analysis has now proceeded to the M dwarfs with SC data in Campaigns 10 -18 and consists of ∼ 60 M dwarfs. Figure 5 , shows an example lightcurve from one of the candidates in this extended sample. DP Cnc (EPIC 211817361) has a rotation period of 0.596 days with e ective temperature, radius, mass, log g and distance of 3534K, 0.266M , 0.268R , 5.009 and 38.53pc, respectively (Huber et al. (2016); Gaia Collaboration et al. (2018) ). It is a known are star according to the SIMBAD catalogue and has a spectral type of M3.5. It is an excellent candidate for the further analysis of the distribution of ares with respect to their rotational phase as it is an active star with some very large ares present in its K2 lightcurve, see Figure 6 . In addition, DP Cnc has been observed in Campaigns 16 and 18 which makes it ideal to search for changes in activity.
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Figure 6: Here we show ares of varying magnitude and duration from the M dwarf DP Cnc (EPIC 211817361) which is an M3.5 spectral type with a rotation period of 0.596 days. In the top right we have a small section of the K2 lightcurve covering ∼ 1 day and detailing the frequency of ares on this star. In addition, the left most panel shows the largest are in the lightcurve of this star normalised peak of 14. The remaining panels show a range of ares with lower energies.
